Malassezia spp. are commensal, cutaneous fungi that are implicated in seborrhoeic dermatitis. We hypothesize that the lipid-rich capsule of Malassezia spp. masks the organism from host detection, and depletion of this layer elicits an inflammatory response. To test this, preparations of capsulated or acapsular [10% (v/v) Triton X-100 treated], viable and nonviable, exponential or stationary phase Malassezia furfur, Malassezia globosa, Malassezia obtusa, Malassezia restricta, Malassezia slooffiae and Malassezia sympodialis, were incubated with normal human keratinocytes. Proinflammatory (IL-6, IL-8, IL-1a and tumour necrosis factor-a) and anti-inflammatory cytokine (IL-10) release and intracellular IL-10 concentrations were quantified using enzyme-linked immunosorbent assays. Capsulated Malassezia yeasts stimulated limited or no production of inflammatory cytokines, and increased intracellular IL-10 (P o 0.05). Removal of the capsule of many Malassezia preparations caused a significantly increased production of IL-6, IL-8 and IL-1a, and a decrease in intracellular IL-10. Notably, acapsular viable, stationary phase M. globosa caused a 66-fold increase in IL-8 production (P o 0.001) and acapsular nonviable, stationary phase M. furfur caused a 38-fold increase in IL-6 production (P o 0.001) and a 12-fold decrease in intracellular IL-10 (P o 0.001). These results support the hypothesis that the lipid layer of Malassezia spp. modulates cytokine production by keratinocytes. This has implications in the pathogenesis of seborrhoeic dermatitis.
Introduction
Malassezia spp. are lipophilic, dimorphic fungi that colonize the skin of humans and other warm-blooded animals. There are currently 13 recognized species, isolated from healthy and diseased human and animal skin (reviewed by Ashbee, 2007; Cabanes et al., 2007) . On human skin, sebum-rich areas such as the head and upper-trunk harbour the highest population densities (Leeming et al., 1989) . Despite the commensal status of the yeast, they have been strongly implicated as the causative agent in a number of chronic cutaneous diseases, including seborrhoeic dermatitis (SD), pityriasis versicolor, Malassezia folliculitis and atopic dermatitis, as well as life-threatening, systemic infections, such as Malassezia fungaemia in compromised hosts (reviewed by Ashbee & Evans, 2002) . SD, thought to be a severe form of dandruff (D), is characterized as red, inflamed, greasy and flaking of oily areas of the body, particularly the scalp and face (Gupta & Bluhm, 2004) . The condition is common, affecting 1-3% of otherwise healthy adults and up to 83% of immunocompromised individuals, in particular those with AIDS (Mathes & Douglass, 1985; Gupta & Bluhm, 2004) . However, the pathogenic factors involved have not been identified. Numerous investigations have examined the population densities of Malassezia associated with SD, the results of which have been inconclusive (Gupta & Kohli, 2004) . Malassezia restricta and Malassezia globosa have been consistently shown to be the species more commonly isolated from SD-diseased skin compared with other species (reviewed by Ashbee, 2006) , but the significance of this is not known. Some investigators speculate that SD/D results from the production of irritant fatty acids, through the metabolism of skin triglycerides by the lipases of Malassezia (DeAngelis et al., 2005 , 2007 . Whereas, many other investigators have examined cellular and humoral immunity to Malassezia in healthy and SD-affected individuals, but data are contradictory or inconclusive (reviewed by Ashbee & Evans, 2002) . More recently, research activity has concentrated on the immuno-modulatory activity of Malassezia on peripheral blood phagocytes and cell-types associated with the skin to help decipher the yeast's pathogenic activity. One study found that Malassezia spp. were able to downregulate proinflammatory cytokine [IL-1b, IL-6 and tumour necrosis factor-a (TNF-a)] production by peripheral blood mononuclear cells (PBMC; Kesavan et al., 1998) . It was suggested that this modulation of cytokine production by the Malassezia yeasts may be a mechanism by which they evade eliciting a nonspecific inflammatory response in the host enabling the yeast to maintain a commensal relationship with the host skin.
The cell wall of Malassezia spp. contains an unusually high level of lipids [15-20% (w/w); Hechemy & Vanderwyk, 1968; Thompson & Colvin, 1970] , c. 10-fold greater than Candida albicans (Shepherd & Gopal, 1991) and Saccharomyces cerevisiae (Thompson & Colvin, 1970) . This is thought to confer osmotolerance and aid in attachment to corneocytes allowing colonization of the skin (Brotherton, 1967; Mittag, 1995) . A layer of lipid is also reported to surround the organism in a capsular-like structure (Mittag, 1995) . Considering this, one study provided evidence to explain how Malassezia yeasts cells switch from commensal to pathogen. Kesavan et al. (2000) found that the previously observed downregulation of PBMC proinflammatory cytokine production caused by Malassezia (Kesavan et al., 1998) was abrogated upon extraction of lipids surrounding the yeast (Kesavan et al., 2000) . It was, therefore, postulated that the lipid-rich capsule of Malassezia conferred the immuno-evasive properties (Kesavan et al., 2000) . So far, no research has been performed to examine similar effects on keratinocytes, the first line of defence of the skin immune system and the most likely cell type to come in contact with Malassezia. Therefore, the aim of this study was to determine the effect of the capsule of Malassezia on production of primary keratinocyte-derived proinflammatory (IL-1a, IL-6, IL-8 and TNF-a) and antiinflammatory (IL-10) cytokines to help elucidate the yeast's role in the pathogenesis of inflammatory skin diseases, including SD. (Leeming & Notman, 1987) at 34 1C in a humidified, aerobic atmosphere. For experiments, Malassezia were cultivated using a modified Leeming & Notman's broth containing 1% (w/v) bacteriological peptone (Oxoid), 1% (w/v) glucose (Sigma), 0.2% (w/v) yeast extract (Oxoid), 0.8% (w/v) ox bile (Merck), 0.05% (w/v) glycerol monostearate, 1% (v/v) glycerol (Sigma), 0.5% (v/v) Tween-60 (Sigma), 2% (v/v) olive oil (Sigma), 200 mg cyclohemimide mL À1 and 25 mg chloramphenicol mL
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, aerobically at 34 1C in an orbital incubator (120 r.p.m.). At the appropriate time to achieve exponential and stationary phase of growth [predetermined to be c. 25 and c. 70 h, respectively (M. furfur, M. slooffiae and M. sympodialis), and c. 48 and c. 75 h (M. globosa, M. obtusa and M. restricta)], cells were harvested by centrifugation at 200 g for 10 min and washed three times in D-phosphate-buffered saline (PBS). Nonviable cells from each growth phase were prepared by treatment with 1% (v/v) formaldehyde (BDH) in D-PBS for at least 24 h at room temperature. Acapsular viable and nonviable cells of each species and growth phase were prepared by treatment with the nonionic detergent, Triton X-100. Briefly, cells were gently agitated in 10% (v/v) Triton X-100 in D-PBS for 1 h at room temperature. The yeast cells were then washed three times in D-PBS and resuspended in prewarmed complete keratinocyte serum-free medium (cKSFM; see below). Cell suspensions were diluted in cKSFM to a concentration to yield a yeast to normal human keratinocyte (NHK) cell ratio of 27 : 1, when added to the NHK cells. This cell ratio was found to be optimal for cytokine stimulation in extensive preliminary experiments. Initial experiments were performed to test the effect of Triton X-100 treatment on Malassezia cell viability by plating the yeast cells onto Leeming & Notman's agar (Leeming & Notman, 1987 ) using a Whitley Automatic Spiral Plater (WASP; Don Whitley Scientific, Shipley, UK). Following incubation for 14 days at 34 1C, CFU counts were made using a ProtoCOL automatic colony counter (Synbiosis). Before coculture, Malassezia cell viability was assessed using a modified version of a rapid fluorescent-staining method described by Calich et al. (1978) and Gandra et al. (2002) . Briefly, the yeast cells were stained with fluorescein diacetate (50 mg mL
) and ethidium bromide (50 mg mL
) and examined using a fluorescent microscopy. Cells (Z200) were counted to determine the percentage viability. Samples of all Malassezia cells (Z10 cells per sample) were examined by transmission electron microscopy (TEM) to assess the status of their capsule.
Collection of Malassezia from healthy skin
Malassezia cells were isolated from the clinically healthy scalp skin of three volunteers using the Williamson and Kligman skin scrub method (Williamson & Kligman, 1965 in cKSFM as a positive control. In an attempt to test any effect of residual Triton X-100 on cytokine production or NHK cell viability, cKSFM conditioned with Triton X-100-treated Malassezia cells for 1 h was included as a control, after removal of the yeast cells by centrifugation.
Following 12 h coincubation of NHK cells with yeast preparations and controls, culture supernatants were removed and stored for later assay of proinflammatory cytokines. The remaining NHK were washed twice in D-PBS and the viability assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cleavage assay (Mosmann, 1983) . Absorbances at 570 nm (reference filter of 630 nm) were determined using an Thermo Labsystems spectrophotometer plate reader.
To examine the anti-inflammatory cytokine (IL-10)-stimulatory capacity of Malassezia yeast cells, NHK were seeded into collagen type IV-coated (0.67 mg cm À2 ; Sigma) (Becherel et al., 1997) . Following 96 h coincubation, culture supernatants were removed and stored for later assay of IL-10 cytokine. The remaining monolayers of NHK were either assessed for viability as described previously or lysed to allow determination of intracellular IL-10 concentrations in the following way. The NHK were washed twice with sterile D-PBS. Radioimmunoprecipitation assay (RIPA) lysis buffer (1 Â ; Santa Cruz Biotechnology), prepared according to the manufacturer's instructions, was added to the cells (100 mL per well) for 15 min at room temperature. The lysates were collected and stored before analysis of IL-10 concentrations using enzyme-linked immunosorbent assay (ELISA). To determine any effects of the RIPA buffer on the ELISA, a 200 pg mL À1 solution of IL-10 (recombinant IL-10 standard from the ELISA kit) was prepared in either PBS or 1 Â RIPA buffer and concentrations were determined using ELISA.
ELISAs
NHK supernatants were assayed for IL-6, IL-8, IL-1a, TNFa and IL-10 (culture supernatants and cell lysates) using ELISA. IL-6, IL-1a and TNF-a Eli-pair ELISA kits (Diaclone Research), Human IL-8 BD OptEIA TM Set ELISA kit (BD Biosciences) and a Human IL-10 Module Set (Bender Medsystems) were performed according to the manufacturer's instructions. Each sample was analysed in duplicate and absorbances were read at 450 nm (reference filter of 630 nm) using a Thermo Labsystems Plate reader and THERMO LABSYSTEMS REVELATION 4.25 software was used to plot a standard curve. The lower detection levels of the ELISAs were 12.5 (TNF-a), 15.6 (IL-1a) and 3.1 pg mL À1 (IL-6, IL-8 and IL-10), and any values below these were considered zero. Levels of cytokine were expressed as specific units of activity [pg cytokine OD 570 nm
À1
(MTT assay)].
TEM
Samples of Malassezia yeast cells were washed three times in PBS (Sigma; pH 6.2) and primarily fixed with 2.5% (v/v) glutaraldehyde (Agar Scientific) in PBS for 3 h at room temperature. Following a further two washes of 30 min each, the samples were postfixed overnight at room temperature using 1% (v/v) osmium tetroxide (Agar Scientific) in PBS. Following a further two washes in PBS, cells were dehydrated in an ascending ethanol series consisting of 30 min in each of 20%, 40%, 60%, 80% and 2 Â 100% (v/v) ethanol. Cells were gradually impregnated with low viscosity (LV) resin (Agar Scientific) using the following scheme: 2 Â 30 min in polypropylene oxide (PO; Sigma), overnight in 50% (v/v) LV resin in PO, 3 h in 75% (v/v) LV resin in PO and 3 h in 100% (v/v) LV resin. The LV resin was then replenished and polymerized overnight at 60 1C. Ultrathin (80-100 nm) sections of the resin-embedded sample were cut using a Reichert Ultracut OMU-4 ultramicrotome (Leica Microsystems) containing a glass-cutting knife. Sections were stained on copper grids (1000 mesh, 3 mm; Agar Scientific) with 1% (v/v) uranyl acetate in 20% (v/v) ethanol for 2 min. Following three washes with 0.02 M NaOH, the sections were counter-stained with Reynold's lead citrate (Reynolds, 1963) for 30 min and observed on a Phillips CM10 transmission electron microscope.
Statistical analyses
Following ANOVA of ELISA data (pg cytokine OD 570 nm
À1
), significant differences between the means of the five or six experimental replicates were determined using Tukey's multiple comparison posttest. This was performed using PRISM 4.0c for MACINTOSH software. In the descriptions of the results, the mean of the cytokine production for each experimental condition has been used.
Results
Observation of the capsule of Malassezia in vitro and from healthy skin
The presence of a diffuse, light-grey, electron-dense, capsular layer surrounding the cell wall was observed on all species of untreated Malassezia cells ( Fig. 1a ; M. sympodialis) as well as on Malassezia cells taken from healthy skin (Fig. 1c) . The capsular layer of cells taken from healthy skin was found to be thicker than the capsule of cells from culture. Treatment of Malassezia yeast cells in vitro with 10% (v/v) Triton X-100 in PBS was found to remove the majority of the capsule (Fig.  1b) and there was no significant effect (P 4 0.05) on cell viability following this treatment (data not shown). This method was therefore used to produce acapsular Malassezia cells for culture with NHK. TEM was performed on the Malassezia cells used in the NHK culture experiments to confirm the presence or absence of capsular material, as shown in Fig. 1 .
Effects of capsule removal of Malassezia spp. on proinflammatory cytokine production by NHKs
To examine the ability of the capsule of Malassezia spp. to modulate proinflammatory cytokine production by NHK in vitro, various preparations of cells of Malassezia spp. were incubated with proliferating keratinocyte monolayers for 12 h (a time point found to be optimal for cytokine release) and IL-6, IL-1a, TNF-a and IL-8 measured in the culture medium using ELISA. NHK viability was determined using MTT assay and cytokine levels were expressed as units of specific activity [pg cytokine OD 570 nm À1 (MTT assay)]. The viability of the NHK cells was not significantly affected (P 4 0.05) by incubation with any of the Malassezia yeast cell preparations, compared to the negative control (results not shown). Nor was cell viability affected by culture with the Triton X-100-conditioned culture medium (results not shown).
Before coculture, Malassezia cell viability was assessed using a fluorescent-staining method. The viability of 'viable' cell preparations varied depending upon the species of the yeast, the growth phase and whether the cells were untreated or Triton X-100 treated (Table 1 ). In addition, the proportion of cells that were viable were lower from stationary phase cultures compared with cells from exponential phase cultures, as expected. Formaldehyde treatment killed all of the Malassezia cells (data not shown).
Levels of IL-6 produced by unstimulated monolayers of NHK cells (negative controls) ranged from 15 to 51 pg cytokine OD 570 nm
À1
between experiments. Levels of IL-6 produced in response to lipopolysaccharide (1 mg mL À1 ;
positive control) ranged from 113 to 143 pg cytokine OD 570 nm
and in all cases this was significantly higher than the negative control (P o 0.05; ANOVA). Triton X-100-conditioned medium did not affect IL-6 production, compared with negative control values.
IL-6 production elicited by Malassezia preparations was dependent upon the species, growth phase and viability of the yeast cells. The results for nonviable, stationary phase Malassezia spp. are shown in Fig. 2 . Of the capsulated cell preparations, only M. slooffiae caused an increased production of IL-6 above negative control levels (P o 0.001). Removal of the capsule of M. furfur, M. obtusa, M. slooffiae and M. sympodialis resulted in a significantly increased production of IL-6, compared with levels elicited by the capsulated variant of the yeast (fold changes are shown in Table 2 ) and to negative control levels. Similar data were obtained for nonviable, exponential phase Malassezia, except the fold increases in IL-6 production upon capsule removal were much lower (Table 2) . Furthermore, removal of the capsule of M. slooffiae caused a reduction in IL-6 production compared with the levels elicited by the capsulated form of the yeast. The results obtained with viable Malassezia were much less marked. All capsulated viable Malassezia preparations (except stationary phase M. globosa) stimulated production of IL-6 above negative control levels (P o 0.05; results not shown). However, extraction of the lipid layer of M. globosa (exponential and stationary phase) and M. obtusa (exponential phase) caused a significant increase in IL-6 production compared with levels elicited by the capsulated variants of the yeast ( Table 2) .
The production of IL-1a by unstimulated NHK (negative control cells) ranged from 77 to 255 pg cytokine OD 570 nm
between experiments. Levels of IL-1a elicited by lipopolysaccharide (1 mg mL À1 ) ranged from 1031 to 1484 pg Z200 cells per sample were analysed. , between experiments and in all cases this was significantly higher than the negative control (P o 0.05; ANOVA). Triton X-100-conditioned medium did not affect IL-1a production, compared with negative control values.
Stimulation of NHK cells with capsulated Malassezia yeast cells enhanced IL-1a production above unstimulated levels (P o 0.05; ANOVA). This was independent of the species, growth phase or viability of the Malassezia spp., the only exception being nonviable, stationary phase M. globosa (Fig. 3) . The levels of IL-1a produced ranged from 989 (nonviable, stationary phase M. globosa) to 10 242 (nonviable, exponential phase M. restricta) pg cytokine OD 570 nm
. The effects of removal of the capsule of the yeast cells on NHK-IL-1a production varied between the Malassezia species, growth phase and viability. For the majority of the acapsular Malassezia preparations there was no difference in the levels of IL-1a produced compared with the capsulated preparations. However, removal of the capsule of the following Malassezia preparations had a significant effect on IL-1a production, compared with levels elicited by the capsulated Malassezia: nonviable, exponential phase M. obtusa [1.6-fold increase (P o 0.05)] and M. restricta Production of TNF-a by unstimulated NHK cells ranged from a mean of 13-25 pg cytokine OD 570 nm
, between experiments (results not shown). Lipopolysaccharide elicited a significant increase in TNF-a production above unstimulated levels in only one experiment (mean production of 48.5 pg cytokine OD 570 nm À1 ). Triton X-100-conditioned medium did not affect TNF-a production and, in the majority of cases, neither capsulated nor acapsular Malassezia preparations were able to enhance TNF-a production above those of the negative controls.
Production of IL-8, by NHK cells (negative control) ranged from 15.2 to 28.3 pg cytokine OD 570 nm
, between experiments. Lipopolysaccharide (positive control; 1 mg mL À1 ) caused a significant increase (P o 0.05; ANOVA) of IL-8 production in all experiments, ranging from 928 to 1647 pg cytokine OD 570 nm
. Triton X-100-conditioned medium did not affect IL-6 production, compared with negative control values.
IL-8 production elicited by Malassezia preparations was highly variable between species, growth phase and viability. The results for nonviable, stationary phase Malassezia spp. are shown in Fig. 4 . The capsulated form of the yeast did not stimulate IL-8 production, compared to the negative control. However, removal of the capsule of all of the Malassezia -, change not significant. species resulted in an increased production of IL-8, compared with the levels elicited by the capsulated cells (fold changes shown in Table 3 ) and to the negative control (P o 0.001). Similar results were obtained with nonviable, exponential phase Malassezia preparations, except that M. slooffiae did not cause a significant increase in IL-8 production when lipids had been extracted (Table 3) . With viable Malassezia preparations, the results were much less marked, much like the results obtained for IL-6. Most of the capsulated preparations of viable Malassezia spp. cells (except stationary phase M. globosa) caused a increase in IL-8 production above the negative control levels (P o 0.05). Furthermore, removal of the capsule of only M. globosa cells (exponential and stationary phase), M. obtusa (exponential phase) and M. restricta cells (stationary phase) resulted in an increase in IL-8 production, compared with the levels elicited by the untreated variant of the yeast cells (Table 3) .
Effects of capsule removal of Malassezia spp. on the release and intracellular concentrations of IL-10 by NHK
To examine the ability of the capsule of Malassezia spp. to modulate production of the anti-inflammatory cytokine, IL-10, by keratinocytes in vitro, various preparations of Malassezia spp. were incubated with proliferating monolayers of NHK for 96 h (a timepoint found to be optimal for cytokine release) and IL-10 release was measured using ELISA.
Production of IL-10 by unstimulated NHK was not detected in of any of the tests. DBC (10 mM; positive control) induced the production of IL-10 of between 62.7 and 84.2 pg cytokine OD 570 nm
À1
(means for each experiment; P o 0.05, compared with the control). DBC (10 mM) also significantly reduced NHK cell viability by 55-72% (P o 0.05, compared with the negative control). However, all of the preparations of Malassezia failed to significantly induce IL-10 release by NHK cells (results not shown). The Malassezia preparations had no effect on NHK cell viability (results not shown).
Because none of the Malassezia preparations were able to stimulate IL-10 production by keratinocytes in vitro, it was decided to examine the intracellular IL-10 levels of the keratinocytes. Keratinocytes were stimulated by Malassezia, as described above, and intracellular IL-10 concentrations were determined by lysis of NHK and measurement of IL-10 levels of the lysates using ELISA. A preliminary experiment was also performed to test the effect of the RIPA lysis buffer on the IL-10 ELISA. The RIPA buffer was found to have no significant inhibitory effect on the measurement of IL-10 concentrations using the ELISA (results not shown).
Measurement of NHK cell viability, performed using replicate cultures, revealed that, DBC (10 mM) significantly reduced cell viability in three of the four experiments performed. This reduction was by between 69% and 81% (P o 0.01, compared with the negative control; results not shown). As before, the Malassezia preparations had no significant effect on NHK cell viability (results not shown).
Measurement of NHK intracellular IL-10 concentrations revealed unstimulated levels (negative controls) of 72.6 to 79.6 pg cytokine OD 570 nm
. DBC (10 mM) caused an increase in intracellular IL-10 concentrations to levels ranging between 143.9 and 330.3 pg cytokine OD 570 nm
-significantly higher than negative control levels (P o 0.01; ANOVA). The intracellular concentrations of IL-10 stimulated by nonviable, stationary phase Malassezia spp. are shown in Fig. 5 . The capsulated form of all species, except M. slooffiae, were found to cause an increase in intracellular IL-10 concentrations, compared with those of the negative control (P o 0.01). Furthermore, removal of the lipid layer of all species of Malassezia (except M. restricta) caused a reduction in intracellular IL-10 levels, compared with the levels induced by the capsulated yeast cells (P o 0.001; fold changes shown in Table 4 ). Very similar results were obtained with nonviable, exponential phase Malassezia, and also viable, stationary and exponential phase Malassezia spp. (Table 4 ). The exception was viable, stationary phase M. furfur in which the lipid-extracted variant caused a 2.3-fold increase in intracellular IL-10 levels, compared with those of induced by the capsulated form of the yeast cell. 
Discussion
Malassezia spp. constitute an important part of the normal commensal skin microbial communities of humans. They are also known to be the aetiological agent in cutaneous inflammatory diseases, such as SD/D, but the pathological mechanisms are not understood. In this study, it was found that, when in possession of a lipid-layer, nonviable Malassezia preparations of exponential or stationary phase caused little or no production of the proinflammatory cytokines, IL-6, TNF-a or IL-8, compared with negative controls, but relatively high production of IL1a. Levels of cytokine production varied slightly between species of Malassezia. The elevated production of IL-1a may have been a consequence of mechanical stress of the NHK upon the addition of Malassezia cells in vitro, resulting in release of preformed IL-1a (Debenedictis et al., 2001) .
In addition to proinflammatory cytokine release, release of IL-10 into the culture supernatant was analysed, and none was detected. However, intracellular levels of IL-10 were increased above negative control values by culture with the Malassezia preparations. The reason for the lack of extracellular IL-10 is unknown, but other studies have shown that treatment of keratinocytes (HaCat and normal) with capsulated Malassezia cells caused an increase in IL-10 gene expression (Baroni et al., 2001 Donnarumma et al., 2004; Ishibashi et al., 2006) . Reports of IL-10 release by NHK are conflicting (Grewe et al., 1995; Becherel et al., 1997) . The undetectable levels of extracellular IL-10 in this study may have been due to binding of the cytokine to its receptor on surrounding cells or degradation (Grone, 2002) . In contrast to findings made by Kesavan et al. (1998) using PBMC, none of the capsulated preparations of any of the Malassezia species tested in this study were able to downregulate proinflammatory cytokine production by NHK below constitutive levels. This may in part be explained by the relatively high constitutive production of proinflammatory cytokines by PBMC (c. 100-fold higher production of IL-6 compared with NHK cells) observed by Kesavan et al. (1998) , thus permitting greater scope for downregulation. Overall, the data indicated that nonviable and capsulated Malassezia cells were less inflammatory compared with the acpasulated cells.
Viable, capsulated yeast cells elicited higher levels of all proinflammatory cytokines than nonviable cells, frequently above negative control levels. Intracellular levels of IL-10 were also elevated above control levels by these Malassezia preparations (but not IL-10 release). This increased cytokine production of all cytokines in response to viable Malassezia may be indicative of the release of soluble factors from the yeast causing stimulation. -, change not significant. The results described above correspond with the findings of Watanabe et al. (2001) who found that M. furfur, M. slooffiae, M. sympodialis (and Malassezia pachydermatis) stimulated the production of IL-1b, IL-6, IL-8 and TNF-a by keratinocytes. Another group, however, reported that M. furfur downregulated the gene expression of IL-1a and TNF-a in HaCat cells (cell line; Baroni et al., 2004) . Later work by the same group using NHKs demonstrated that IL-8 [along with Toll-like receptor (TLR)-2 and human bdefensin-2 and -3] gene expression was upregulated by coculture with M. furfur (Baroni et al., 2006) . Unfortunately, it is difficult to make comparisons to these studies because the yeast preparations used were in an undetermined growth phase and of unknown viability.
To examine the effects of acapsular Malassezia on cytokine production by NHK, the lipid capsular layer was removed from Malassezia preparations using 10% (v/v) Triton X-100 treatment (which did not affect yeast viability) and the acapsular yeast cultured with NHK. The most significant observation made in this study was that removal of the lipid layer of all species of Malassezia (but not all growth phases or viability) increased IL-6, IL-8 and IL-1a production above levels elicited by the capsulated forms. The most consistent finding was with removal of the capsule of nonviable M. furfur, M. globosa, M. obtusa, M. restricta and M. sympodialis, IL-8 production was increased (by up to 18-fold), compared with levels elicited by the capsulated forms of the cells in equivalent growth phase. In addition, removal of the capsule of M. furfur, M. globosa, M. obtusa and M. sympodialis caused an increase in the production of IL-6. Decapsulation of M. globosa had the most noted effect on IL-6 and IL-8 production, increasing production of IL-8 by up to 66-fold. It was also found that, removal of the capsule of the majority of Malassezia spp. reduced the intracellular IL-10 levels of the keratinocytes by up to 12-fold (nonviable, stationary M. furfur), compared with levels elicited by the capsulated cells. The notable exception to these observations was M. restricta, with which only removal of the capsule of the nonviable, exponential form had an effect on intracellular IL-10 levels. In addition, removal of the capsule of viable, stationary phase M. furfur had the effect of increasing intracellular IL-10, compared with the concentrations elicited by the capsulated cells, but the reasons for this are not understood. In general, this data demonstrates that removal of the lipid layer of Malassezia causes increased stimulation of proinflammatory cytokines and decreased levels of intracellular IL-10, strongly suggesting that the lipid layer of specific species of Malassezia may be important for evading an inflammatory response by keratinocytes. From the results of this study, is difficult to definitively attribute one Malassezia species with a greater immuno-modulatory capacity. However, it was observed that M. globosa most consistently stimulated only low levels of cytokine production when capsulated and very often elicited high levels of cytokine production when decapsulated. This is of interest because numerous groups have reported that M. globosa is the species most associated with SD skin (reviewed by Ashbee, 2006) . However, M. restricta is commonly reported to be found at similar, if not higher, frequencies. In a recent study, Tajima et al. (2008) used realtime PCR to quantify Malassezia species isolated from diseased skin. Malassezia globosa and M. restricta were the most commonly isolated species from SD, but M. restricta was found at higher levels. In this present study, the immuno-modulatory capacity of M. restricta followed similar trends to that of M. globosa, only less consistently. This may have been due to lower viability of M. restricta in the 'viable' cultures. Overall, the results described partially correspond with the findings of Kesavan et al. (2000) using PBMC although it is noted that Kesavan et al. (2000) used a chloroform/ methanol method to extract lipids from Malassezia cells. Chloroform/methanol will extract only lipids from the yeast, while Triton X-100, used in this present study, may also solubilize other components present in the capsular layer or cell wall of Malassezia, such as proteins. The effects of removing these other components is unclear. Triton X-100 was chosen to remove the capsular layer because it did so without reducing cell viability, which was supported by viability plating and fluorescence-staining data. Electron microscopy provided evidence that small portions of the capsular layer remained after Triton X-100 treatment, and it is also unclear what part the remnants played in stimulation of cytokine production by keratinocytes. Currently, there is very little data describing the constituents of the capsule of Malassezia. Hechemy & VanderWyk (1968) and Thompson & Colvin (1970) reported high levels of lipid in the cell wall and Mittag (1995) demonstrated strong staining of lipids in the outer capsular layer, but much more research need to be performed to fully characterize the capsule. Evidence has been provided in this study and others (Mittag, 1995) , that a capsular layer similar to that on cells from culture, is present on cells taken from skin. All of the data presented in this study may provide an insight into an important pathogenic mechanism of Malassezia spp., modulation of the host immunological response. In their capsulated form, nonviable and even viable Malassezia caused a relatively low or no inflammatory response by keratinocytes. This may allow them to exist on the skin surface without stimulation of the skin immune system. There was clearly an increased inflammatory response by keratinocytes when the lipid layer of Malassezia was removed. The increases in IL-6 and IL-8 production observed in vitro would result in increased proliferation of the keratinocytes and migration of leukocytes, in particular neutrophils, in the skin (Baker, 2006) . This corresponds with the pathohistological observations of increased numbers of lymphocytes, macrophages, monocytes and Langerhans' cells (Faergemann et al., 2001 ) and hyperproliferation of keratinocytes (Gupta & Bluhm, 2004) in SD-lesional sites.
It is hypothesized that the abundant lipid layer masks pathogen-associated molecular patterns (PAMPs) on the cell surface of Malassezia and that the switch from commensal to pathogen occurs when the lipid layer becomes depleted, thus exposing the immunostimulatory molecules. Lipids of Malassezia have also shown to aid in evasion of phagocytic uptake and subsequent killing by neutrophils (Ashbee et al., 1998) . Parallels were made to the polysaccharide-rich capsule of Cryptococcus neoformans, shown to confer antiphagocytic properties and downregulation of proinflammatory cytokine (IL-1b and TNF-a) production by monocytes (Kozel et al., 1988; Vecchiarelli et al., 1995) . Uptake of acapsular C. neoformans by murine macrophages and induction of IL-1b, TNF-a and GM-CSF was controlled by mannose and b-glucan receptors and it was concluded that the capsule masks carbohydrate residues in the yeasts cell walls (Cross & Bancroft, 1995) in a similar way as the lipid capsule of Malassezia is speculated to in this study. Unfortunately, very little research has been performed to determine the composition of Malassezia cell wall, but it is known to contain high proportions of carbohydrate (Hechemy & Vanderwyk, 1968; Thompson & Colvin, 1970) . Keratinocytes have been found to express a mannose-binding receptor (MBR) with homology to macrophage MBR (Szolnoky et al., 2001) , as well as TLR 2, 4 and 6 (Roeder et al., 2004) , which may be involved in innate recognition of Malassezia. Baroni et al. (2006) found TLR-2 was involved in mediating upregulation of IL-8 mRNA expression in NHK in response to M. furfur. Future work into immuno-modulation by Malassezia must involve more detailed analysis of the antigenic/PAMP profile of Malassezia yeast cell wall as well as the keratinocyte receptors involved in their recognition.
Numerous studies have reported that levels of skin surface lipids vary between healthy individuals and SD/D sufferers; predominantly free fatty acid levels were reduced in patients (Hodgson-Jones et al., 1953; Passi et al., 1991; Harding et al., 2002) . Malassezia are unable to synthesize fatty acids of certain chain length and are dependent on their supply from the environment (Shifrine & Marr, 1963; Wilde & Stewart, 1968) , highlighted by recent evidence that M. globosa does not possess a fatty acid synthase gene but encodes 13 lipase genes, of which eight were shown to be secreted (Xu et al., 2007) . It is assumed that under lipid nutrient stress, the yeast directs the lipids to essential requirements (e.g. cytosolic membrane synthesis) rather than lipid capsule synthesis. It is hypothesized that the depletion of the lipid layer of Malassezia, shown to confer a more pathogenic phenotype, may arise on the skin as a result of such variation in lipid availability. However, as with many aspects of the pathogenesis of Malassezia, much more research needs to performed to test this. It would be important to identify whether variations in lipids do effect the immuno-modulatory capacity of Malassezia and whether Malassezia cells residing on normal skin and associated with SD/D possess a lipid capsular coating. The hypothesis, supported by the present work, would predict lower levels of lipid capsular material surrounding Malassezia from SD/D environment than that of cells from normal skin.
